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FOREWORD

The series of USANCA papers entitled Nuolear Notes is intended to present unclassified
discussions of nuclear phenomena in layman's terms. Nuoclear Notes are a ready reference for
use by TRADOC school instructors and major command staff officers in their support of the
Army. They are intended to clarify and explain various aspects of nuclear weapon
phenomenology, and are prepared in as nontechnical a manner as possible. Information in
Nuclear Notes is appropriate for dissemination to fire planners, maneuver commanders and
staff', training astivities and service schools, and service/material organizations. Loocal
reproduction and distribution are authorized.

The principal author of this paper is MAJ Daniel F. Uyesugi of the US Army Nuclear and
Chemical Agenocy. Comments, views, and suggested additional mitigation techniques are
desired and should be forwarded to: Commander, US Army Nuclear and Chemical Agency, 7500
Baoklick Road, Bldg 2073, Springfield, VA 22150,

—7 /ZM&W’ZZ < téjdb\)a(,

FREDERICK M. GALLOWAY
coL, CE o
Deputy Commander e
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LLIST OF CURRENT NUCLEAR NOTES

The US Army Nuelear and Chemical Apency recommends that issues of Nuclear Notes be
retained and filed in a lovsa leaf binder. Current iassues are:

Nuol ear
Nuclear
Nucl ear
Nuelear
Nucl ear
Nuclear
Nueclear
Nuclear

Nuecl ear

Local reproduction and distribution mre authorized; howover, headquarters that do so are

Notas
Notes
Notea
Notes
Notas
Notes
Notas
Notes

Notes

Number
Numbher
Number
Number
Number
Number
Number
Number

Number

1

2

The Electromagnetic Pulse (FMP), .June 197H

The Army Nuolmar Survivability Program, January 1980 (Revised)
The New Nuclear Radiation Casualty Criteria, May 1975

Nuclear Blackout of Taotical Communiocations, Aupuat 1976
Rainout, December 1076

A Primer on Nuclear Weaponus Capabilities, June 1077

Collateral Damage, April 1978

Armored Vehiole Shielding Against Radiation, May 1979

Nuclear Weapons Effects Mitigation Techniques, June 1982

requested to maintain a record of internal distribution so that ohanges, updates, and
corrections may he properly disseminated.
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NUCLEAR WEAPONS EFFECTS MITIGATION TECHNIQUES

INE%ODUCTION

A n order to fight and win on the AirLand battlafield, the US must be ahle to employ
nuolear weapons decisively, and continie to fight effectively after enemy employmaent..
Survival of personnel and equipment snd recovery from injury or damapge are essential to
continued aoperations In the nuelear environment, Accordingly, the apecific vulnerabilities
of personnel and equipment must be understood and measures taken to lessen or minimize the
impact of potential nuclear weapons effects. Tn recognition of thia naed, USANCA Intends to
pibliah geveral Nuclear Notes addressing a wide range of weapons effects mitigation
techniques. Basic mitigation techniquea tor nuelear weapony hlast, thermal, ionizing
radiation, and electromagnetic pulse (EMP) effects will be summarized, and the payoffs
nasccliated with employment of each or a aombination of techniques will be diacussezﬁ\

This Nuclear Note addresses proposed mitigation techniques that oan he employed hefore,

during, and immediately after a nuolear attack. Two subhasequent notes are planned to deal
with "post attack recovery" and "eontinued operations in a nuolear environment."

WHAT ARE NUCLEAR WEAPONS EFFECTS MITICGATION TECHNIQUES?

Mitigation teohniques are proposed configuratlions and procedures for employment of
parsonnel and equipment to lessen or minimize their vulnerability to nualear weapons
effacts, These techniques are Intended to be field expedients that can be accompliahed
readily by individuals and units using only such equipment and material as are readily
available. Potential mitigation techniques may be as aimple as the use of anchors,
tiedowns, and outriggers or digging in to prevent equipment turnover; the use of tracked
vehioles as expedient overhead covar} and wetting down or companting defensive positions to
enhance radiation protection.

Mitigation techniques fall into three general cnategories! aations before, during, or
after a nuolear attack.

1. Actions before a nuolear attack aonsist of long-range planning, training, and
maintenance for operations on the nuclear battlefield and the assumption of presirike
protective postures by "strike-warned" troops.

2. Aotions during and immediately aftear an attack include an individual's immediate
aotiona to proteot himself and reduce his response to the ef'fects of the nuclear detonation.

3. Actions after the attack include recovery from the effects of the nuolear burst and
gontinued mission operatlions in the nuclear environment.

Ideally, each of the potential injury producing and equipment damagling mechanisms
assoclated with nuclear effects (e.g., foxhole/fighting position ocollapse, overpressure,
vehicle turnover, debris, tree blowdown, initial radiation, EMP, ground shook, thermal
radiation, fires, and fallout) ahould he examined and mitigation techniques ocompiled. The
nature and effectiveness of ench mitigation technique will depend strongly on the situation
considered; 1l.e., the nucleur environment, proteotion available, unit mission, and aspecifin
hardness of the equipment affected. The selection of mitigation teahniques contained in
this note is by no means ocomprehensive. Tt is intendad to be the beginning of a liat of
fleld sxpedlent techniques that users should expand und tallor to individual and unit needs.

WHAT NUCLEAR FFFECTS ARE OF CONCERN?

Before addressing methods to minimize personnel and equipment vulnerability, it is
important to understand how nunlear weapons effeots cause personnel casualties and materiel
damage in order to mitigate realistinally the effeots of enemy nuolear detonations.

Nualear woapona effects may be classifled aa initial and residual, Figure 1 1llustrates
the partitioning of energy from a typleal flssion weapon. 1Initial effects oocur in the
immediate area within one minute at'ter a detonation and are most impartant to the commandar
since they will create peraonna! nasualties and materiel damage within the timespan of the
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currant operation. The principal initial casualty producing effects are blaat, thermal
radiation, and initial nualear radiation. Other initial effeots (electromagnetic pulse
(FMP) and translent radiation effacta on almctronics (TREE)) affeot only eleotrical and
alectronic aquipment and require protention of one's own equipment from the effects of both
aneny and friendly weapons employment. Residual effects, {,e., fallout, are primarily of
long term intersst but, under certain circumstances, may also have serious impact on succesa
or fajlure in the Immediate hattla area.

THERMAL

TTIAL RADIATION  RESIDUAL RADIATION

- SO A

FIQURE 1. ENERQY PARTITION FOR FISSION WEAPONS.

HOW WILL THESE KFFECTS CAUSE INJURY OR DAMAGE?

The air blaat from these burats will overturn and crush equipment, collapse lungs,
rupture eardruma, hurl debris, tumble personnal, and oollapse foxholes., Thermal radiation
will sot fire to combustible materials, result in flash blindress ar burns of the ayas, and
cauge personnel oasualties due to skin burns, Nuclear radiation will affeot eritical
hiological mystems by damaging oells which are componenta of all parts of the body. This
radiation damage may cause headaches, nausea, vomiting and diarrhea that ia generally called
"radiation siokneas." Although nuclear radiation ia the dominant ousualty producing effect
for low yield tactioal nuolear weapons, othur initial effects may produce aignificant damage
and/or cusualties depending on the weapon type, yield, burst conditions, and the degree of
personnel and equipment protection. Figure ? shows typical radil of "dominant® effeots at
casualty levels (CAS) and safaty levels (SAF) for nominal 1 KT and 10 KT fission weapons and
further {llustrates the range differance due to degree of protection of various targsts.

For example, personnel in tanks would receive 3000 rads at a distance from ground zaro where
exposed personnel would receive 8000 rads.
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Tn addition to thermal and blast damage, electrical and eleatronicn equipment may be
upaet or permanently damaged by FMP. This FMP {a a broad f'requency spectrum vradio pulse of
elootromagnetic enargy that lasts for leas than a second after the burst, 1ts frequenay
range extends from extramely low (ELF) into the ultra-high (UHF} frequencies, with much of
Ity enargy conaentrated in frequencv rangen (hiph frequency (HF) into UHF) emploved by Army
tactical communiocationa equipment. Tt {8 of oconcern because the damage and npset it causes
can oceur at distances from the burst far beyond where other nuslear weapons effects produce
negligible or no damage. I‘or example, vulnerable electrical and electronic equipment could
he damaged by EMP at ranges up to 5 km from a 10 KT surface burst and hundreds of km from a
aimilar high nltitude burat, FMP damape occurs benause voltagen and currents, far in exceas
af aafe levels, are induced In conductors and may burn out aomponenta and equipment in the
same manner as a near miss lightning bolt aan oause a circuit breaker to trip. A more
detailed teahniecal disoussion of EMP effacts iy contained in Nuclear Notes Number 1, "The
Eleotromagnetic Pulse (EMP),.®

More detailed technical discussions of nuolear weapons effects are contained in DA
Pamphlet $0-3 nnd FM 101-31=1; these effeats are also the subject of Nuolear Notes Number 6,
"A Primer on Nuclasat Weapons Capabilities."

WHAT CAN BE DONE BEFORE A NUCLBAR ATTACK?

An enemy nuolear attack will probably acome with little or no warning, and you can axpect
to be warnad of a plannad nuoclear strike by friendly forces only minutes before the
designatad time-on-target., 1In either case, there will be 1ittle time to take protective
actiona. Tndividual and unit defensive measuras muat be automatic and instinctive.
Therefore, long-range planning, training, and maintenance for opsrations on the nuclear
battlefield as well as an understanding of the optimum protective postures for
"strike~-warned" troops are essential. Remember that even though the enemy does not target
vour unit directly, you still may be axposed to the effects of a nearby detonation. You can
and muat protect yourself from these long-range, low level effeots.

Praparation of the Battlefield.

As with conventional oparaticns, knowing the terrain and using it to yvour advantage iu
baaia,.

Shelter. Existing natural and msnmade terrain features such as caves, ditches, ravines,
aulverts, overpasaass, tunnels, and ammunition storage bunkera can be used as expedient
shelters. Prior identification will help in finding cover during an attaack.

Resources, FExtraordinary consumption of expendable materials, medical supplies
(particularly for burn treatment), and water can be antlicipated. Prepositioning is one
anyver, as well as the use of ocommercially available assets suoh as haavy equipment ard
sommuniocation lines. Knowing the location and availability of water sources and storage and
delivery assets such as wells, reservoirs, car washes, swimming pools, fire trucks, and
streel oleanars can greatly help decontaminatlon efforts, As in most tnatanoes, it makes
sense to insure that each man keeps his canteen full and that additional cantaens of water
are availabla,

Preparation of Personnel.

The neoad for training ia obvious, The soldiar should, and no doubt wants to, know the
optimum protegtive postures to protect himselt and hia equipment from a nuolear burst. 1f
wo cxpant him to continue ocombat operations after an attaock, he must also be taught how to
racover from the effents of the nuclear axplosion and how the unit plans to operate in thae
miclear onvironmant,

Paychologically, the soldier aan properly be expreted to view the possibility of
undargoing a nuclear attaok with great anxlety. Providing the soldier with realistlo
information ahout the often overstated or misunderstood aspects of nuolear weapons nffectn
and providing some basic methods to reduce thase effects will go a long wavy toward deallng
with this fear.
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Unit Operatlana,

Operationally, the most effective meana of surviving on the nualear battinfield is to
avnld heing detectad and tareated from tha start,

DMaparsion. Diapersoed units and equipment are lasn likely to be deteacted, present less
desirable targets, and are leas likely to be destroyved by the effects of a nieclear attack,

Concealment.,  Camouflage not only raduces detection, but ean (particalarlyv overhead
camou™Mave and camolflage neta) signifiecantly reduce the effect of thermal radiation and
subsequent fallout, Battlafield concentrationn of gmoke, in addition to providing affective .
large area oonoealment, oan reduce thermal radiation by as much as 95 pernent.

Cover. Cover is the baest proteotion trom nuclear attack. Whenever the taotiaal
aituation allows, oritiocal facilitiaes, peraonnsl, aquipment, and suppliea should be dug tn
ar placed in the bhest shelter available, Foxholas and field shelters can provide axcellent !
protestion against the effects of niualear weapons. Tanks and armored vehiales are normally
good shalteras.

The basements of masonry and 1light steel bulldings can provide signif'toantly more blant
and radiation protection than whesled vehiclas in moat contigurations. Thin i3 eapecially
true for field command, nontrol, and aommunioation (C3) installationa whioh typinally
cunalst of whaeled vehialas pluaced in concealed, wooded sites, Those inatallations are
partioularly vulnerable to blast ovarpressure and drag effects as well as trae blowdown and
Foraat firan.

Tn mors flunid battiaefield situations, at least one tactical (alternate or Jump) command
post. (CP) should be wsatabhlished in a protected or bullt-up area. As a minimum, a good
practice would ba to provide maximum shalter for all off-duty personncl and aritiaoal
rapl acement equipment,

Cover 18 alan of concern during troop movementz and convoy operations, Route
reconni fasanae should inalude lovating expedient shelters such as culverts, tunnels,
overpaasad, caves, and bullt-up arean; enroute stops ean ha scheduled near thesn wshelter
lnoations for roady aonass. ,

Deception. Frequent haellcopter traffic and radio transmiaslons are normally associated
with eritieal €3 lncations and troop conaentrittiona. Helipad and tranamitter locationa
and alreraft f1ieht patterns can be modified to dotract from the enemv's target
anquisition. Tn conjunction with the appropriate use of ohacuring umoke, changing radin and
helicopter traffic patterns can deaeive enemy observara and further rediaee the accnracy of
oenemy flraos.

RECOMMENDEN PROTECTIVE POSTURES IFOR PERSONNEL.

Individual Actions.

If a molear abtrike ta planned by friendly forcea, vou will be warned If the bural ocould
afrfact your looation. Thiy strike warning may allow you hours or only minutas to find tho ,
hest protection possible for yourgelf and vour equipment. So what are some of the notienn i
to aonalder for protacting yourselt on the nuelnear battlefinld?

-="Protect your eyes, DO NOT LOOK AT THE FIREBALL." The intense 1tghi Lhat la normally
aasoniated with a nuolear huprat can nlso temporarily blind or dazsla you., At timen, the
. 1ight may be vinihlo through tightly olosed ayallds nven with your bick turned Lo the
" burat, Covaring your eyes with Lhe palms of the hands prlor to the flaah fg the bogt move,
and rolling eyahalla apward to place the pupil hehind the aye sonkel asould help, Also
remova All typea of syeglanses to pravent subaoquent Injury from the hlast wave,




--"Minimize oxposed skin areas." As an individual, one of the simplest ways to protect
yourself boafora a nuclear attack i3 to keep exposed akin areas to a minimum. The chances of
your hacoming a thermal radiation oasualty depend on the amount and severity of the skin
area burned. For example, seoond or third degree burns over only 30 percent of the hody onan
aauge ineapacitation within 24 hours (25 percant incapacitation within ? hours). Your
miform will reduce by at least 50 percent the tharmal radiation on exposed skin., Gloves
Wwill protect hands. A scarf or hood can also be used effectively to cover and protect the
more vulnerable aroas of the head and the bagk of the neck., Light colored material ia
hettar than dark bescause [t absorbs less thermal radlation.

«="Protoct exposed gkin areas." Thermal radiation will burn exposed areas of the skin.
Your f'ace, neok and hands will be espeolally viulnerable. You can be burned so quickly (in a
gagond) by the thermal radiation of the bhurst that any attempt to cover the tace and hunda
ut the time of the burst will he too late. Therafore, immadlately prior to the announcad
time of detonation, you should aasume a position that protects the eyes and any exposad skin
areas of the face, arms, or hands. For oxample, drop face-down to the ground or as low aa
posaible In your covured poasition, shelter, or vehiole] put the palms of the hands over the
ayes to protect from flash blindneass; and keep the arms protected under your body.
Ohviously, try to keep your hat or helmet on,

-="Kaep olothas loosely fitted." Skin burng ocour more readily whare the alothing is in
direct acontact with or drawn tightly cover the skin, 3such as around the shoulders, elbaws,
waist, and ankles. Burns result from the conduction of heat from the hot fabria to the
akin. Shirt taills shonld be left out. Trousers should not he tuoksd into boots.

) --"Weaar headgear at all times." Your halmet {3 probably the most immediately available

i blaat and thermal proteation that you have. Headgear can shield your t'ace and eyes from
thermal burns and (to a lesser degree) flash blindness, proteot your head from debris or
impaot with s01ld objaectn, and provide some limited radiation proteotion for the head. The
impact protection {8 worthwhile inuside of sheltera and vehloles as well,

: --"Remove dark camouflage face paint." Darkly palnted areas oan abgorb mora thermal
onerzy and may ba burned more readily than bare askin. Appliacation of an effective sun
sarpen ald or cream over exposed skin areas may provide some additional protection.

) -~"Yenr ear pratectlon." Depending on the situatlon, ear plugs or head asets oould he
P Worn to proteat vou from eardrum rupture or hearing loss, Of course, this may not always be
practloal, and in most casas vovering one's ears after detecting the flash will be adequate.

Individual Cover,

el

S Aa atated before, digeing in, or taking cover bafore an attack providea the beat

protection from nuclear effecta. The amount of blast, thermal radiation, and both initial
and residual radiation protection aotually depends on the type of cover you choone. Figure i
3 1lluatrates the depree of protection for cover typlcoally available on the hattlefiald.

S N R i




’ HILLS ARE FAIR JPROTE(TlON WALLS ARE GOOD PROTECTION
40

; CULVERTS ARE EXCELLENT
/ PROTECTION ¥,

DEEP COVERED FOXHOLES ARE
EXCELLENT PROTECTION
”

FIGURE 3, FEXAMPLES OF EXPEDIENT COVER.




Digging In.

Nuolear radiation, not collapse of your fighting position (foxhole collapse), i3 the
predominant ocasualtv producing mechanism for personnel in foxholes, Thus, your primary
concern should be shielding yoursalf from this initial gamma and neutron radiation. Oamma
radiation protection requires thick layers of dense or heavy shielding material such nn
lead, {ron, or stona, On the othar hand, light, hydrogen-hbased material such aa water,
parafin, or oil provide good neutron radiation protectior. Absorption of neutrons in these
materials produces additional gamma radiation, and dense shielding must therefore be
provided to protect against this "aecondary" gammna radifation. As a general rule, the
thicker the layers of each type of ahielding material, the better the overall radiatton
proteation.

=="Barth is a good shielding matarial." A proporily constructed fighting position offery
excellent protection against both initinl and rasidual ~adiation. Examples of bastiao
fighting position types that provide good proteotlon are shown in flgure U,

o. PRONE POSITION

-

FIGURE U4, BASIC TYPES OF FIGHTING POSITTONS THAT PROVIDE G0OD PROTECTION.
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-~"Dig round foxholea." Foxhole walls can aollapse under the force of the hlast wave,
Rounded walls will hold up better than square or rectangular walls and are eaaier to dig,
Although Foxhole aollapae ecan cause casualties, pamma radiation is still the primary
concern.  Lising or revatting your foxhole with gheet maetal or wooden planks can
signifiecantly reduce foxhole collapsae, hut more importantly leta you bulld a foxhole with A
smaller opening which permits leas initial and reaidual radiation to enter. Remember that
many metnl surfaces are good thermal reflectors and must be covered to prevent increasing
the danger of burns.

--"The smaller the foxhole opening, the hetter." A majority of the gamma radiation in
the bottom of a faxholn i3 scattered jnto the foxhole thraugh the opening., The onc-man
foxhole, with its smaller opening, reduces the gnmma radiation 2 to 4 times bhelow the lnvela
In the two-man foxhole, Don't put the unit Llato ane-man foxholes jJjust for radiation
protection; but do make the smallest openings you can on all your foxholas.

--"A deep Tighting positlion/foxhole gives more radiation proteation than a shallow
one." Deeper fighting positions/foxholes place a greater thicknesa of shielding material or
earth between you and the nuclear detonation and therefore provide greater reduction of
initial radiation entering the hole. In a two-man fighting position, radiation is reduced
by a factor of two for each 16 inches of foxhole depth, Dig down U feet and get a factor of
six to eight protection.

--"Keep as low as possible." Lowering vour body in the fuxhole obvicusly puts more dirt
between you and the potential source of radiation. Curling up on your side or, better yet,
1lying on your back with knees drawn up to the chest i3 best (see figure %). Instinotively,
lying on your back may seem to be a vulnerable position, but remember that the limbs of the
hady are not as vulnerable to radiation as the head or trunk. Tuoked-up legs and arms even
tend to shield the body from radiation, especially from neutrons, since the body is largely
water and is therefore an excellent neutron shield. Bulky equipment such as packs or radios
can be stored in an adjacent pit {f they prevent getting as low as posaible in the foxhole.
Alternately, they can he placed over one's face and hands to provide additional radiation
and hlast protection.

TR

FIGURE 5. RECOMMENDED BODY POSITION IN A FOXHOLE,

Dol B, ety e




«<"You can be burned." Thermal radiation can raeach you in a foxhole by line-of-aight
exposure or by raeflaction off the sides. Dark and rough materiala such as wool and canvas
(blankets and shelter halven) can be used to cover potential reflecting surfaces and as
proteative cover for personnel and equipment. Remember that these materials may atill burn
and char as a rasult of the tharmal exposurs, and direct contact with personnel and
aquipment should be avoided. Do not use ponchos oar other rubber or plastin materials as
foxhole ocovers begause they might melt and cause burns. Simply covering a foxhole with
ordinary metal window saoreening material will block the thermal radiation by ahout %0
percent and could be used for thermal protecrtion without entirely bloeking the view, such awus
In viewing ports of ohsarvation posta., Reflected thermal radiation can also be reduced by
fnauring the walls of the foxhole are dark and rough to absorb and scatter the energy.
F4poged portions of the body should be coverad, and keeping low rediuces thermal exposure
Jusat as 1t reduces nuclear radiation exposure.

Overhead Cover.

An overhead coverling of earth or other material will reduce the amount of thermal and
initial nuelear radiation that reaches you, help prevent the entrance of fallout, and reduce
blast overpressure in the foxhole.

=="Maasive overhead cover i{s best." Tables T and TI show the radiation proteaction
provided by various layers of earth and sandbags. Beware of poorly constructed overhead
cover; it must be able to withstand the blust wave. The inareasad protection may not bhe
aufficient to warrant ocovering only for radiation protection purposes becnause of the
inoreased hazard from collapse by blast. Some examples of good fleld expedient overhead
cover are shown in figure 6. U-shaped plokets, landing mat sections, timbers, and certain
fabrios oan be overlain with sandbags or earth. Ammunition boxes filled with earth ocan also
be usad, The important faotors to remember in conatructing effective overhead cover are:

-=-Choose dense covering materials.,

--Cover in depth.

--Provide strong supports.

~-Cover as much of the opening as posusible.

A more detailed discusaion of field-expedient fortifications for protection from the
effects of nuolear weapons 1s contained in Waterways Experiment Station Techninal Report

N-TH-7, "Expedient Fleld Fortifications for Protection from the Effecta of Nuclear Weapons,"
Sep 74,
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-="Vahiclas miake good exped!lant overhead cover," If you don't have a aoncrete 3lab or 4
chain saw handy to help conatruct aturdy overhead cover, a simple and fagt alternative is to
driva a vehicle over the top of your foxhole (nes fipgure 7)., A hauvy armored vehicla 1ia
batter than a whealed vehicle (of course heing inside an armored vehiele {a even hetter),

As with any type of overhead covar, initial radiation can stiill enter your foxhole through
the earth side:s or by line-of'-gight between the openings in the aldes of vehieclas (hetween
traads, road wheels, and tires) and the burat, Sandbaps can be usad to cover theae
openinga. Remember, the vehicrle g not a mood neutron shield, and hoth neutron and gamma
radiation protection can be enhanced conalderably hy placing wet aandbaga over the top of
the vehicle. Alno remember that the biaat wave may violently displace the vehicla and tend
to collapse a foxhole, Orienting the armored vehicle head- or rear-on to the expectad
direction of the burst will help reduen thin problam,

FTGURE 7. USING TRACKED VEHTCLES AS FXPEDTENT OVERHEAD COVER.
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Taking Shelter.

Well-constructed fighting positiona and bunkers provide excellent protection againat all
the effscts of a nueclear detonation. However, radlation i{s still the greatest asoncern
because of its great penetrating power,

--"The more earth cover, the better the shieldlng." It {a important that as muoch of the
earth ocover as possible be placed in betwsen you and the hurat because the greatest
percentage of radlation enters the foxhole {n direagt line~of-zight from the fireball, Table
T 1llustrates the value of Iinoreasing amounts of earth cover for shielding from a
hypothetioal free-in-air dose of 2400 rads. An open foxhole provides a protection factor of
alght because it blocks most of tha llng-ofe-saight radiation and passes only a fraaction aof
the scattered radintion to the bottom of the foxhole, FRach added 6-i{nch thickness of
overhead earth cover will reduce the scattered radiation by a faotor of two,

TABLE I, ‘'THE SHIELDING VALUES OF FARTH COVER FOR A HYPOTHETTCAL 2U00 RADS FREE-IN-AIR
DOSE.

Dapth of Earth Radiation Proteation Factor Rasultant Dose (Rads)
Man in open None 2400
Man in 4 foot deep open foxhole 8 300
with 0.5 ft of earth cover 12 200
"oo1,0 fr " 24 100
" 1.5 ft " u8 50
n 2.0 ft " 96 25

Although radiation ls scattered from all directions, most of it comaes from
direot line-of-sight to the fireball. Therefore, the flat earth cover of an
underground shelter (ses figure 8) provides muoh more protection than an
equivalent thiockness of cover on a similar aboveground struoture becaiuss the
ling=ofwaight thiokness is greater.

RS
\\“[,“;.sm“ 0
. Y B 600 et
ABOVEGROUND SHE! TER /
BETTER

BELOWGROUND SHELTER

FIGURE 8, SECTION VIEWS OF SHELTERS,

-="Add a soocond layer of sandbags." Fach layer of sandbaga, {f filled
with sand or ocompacted clay, will reduce the transmltted radiation by a faator
of two. The payoffs for adding layers of sandhags are shown in Table 1l for a
potential free-in-air dose of 2400 rads.
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TABLE T1, RADTATTON PROTECTION FACTORS OF SAND- AND CLAY-FILLED SANDBAGS,

Layors Radiation Protaation Faotor Rasultant Dose (Re
Man in opaen None 00
Man in l=foot-deap foxhola ] 300
with 1 (0"} 1nyar 16 10
"2 (A Nayers P (B
n { (1?") 1t 6“ -*R

=-="Sund or compactedt olay provides batter radiation shielding than earth because it is
more dnnse." Eaoh layer of sand- or olay=fillad sandbagsa oan provide up to A6 percent
bhuattar protaction from radiation than the same thiokness of 8011 (or soil«filled sandbags)
alone. For wxampls, Tabla T shows that 12 inches of earth glives a protaction factor of D4
(100 rada) while Table TT indloates that 12 inches (1 layera) of aand- or alay-filied
sandbags providey a radiation protection factor of 64 (138 pads). Aa n goeneral rule, heavion
sandbags will provide batter radintion protention than lighter ones, and oracks between
aandhnga should be navaided to prevent leakage of radintion into the shelter.

=="Neabron radiation oan be atopped.” Water will slow down and absorb neutrons, but
ainoe nome pamma radiation is given off in the prouvens, densn shielding is still requirad,
Damp earth or conoreta will proteot Crom bhoth forms of radiation. TFor example, only 17
inchus of aconaraete or 24 inohes of damp earth are requiraed to reduge neutron radiation
axposiure by a4 Caotor of 10, Wnt aandbagyn ean be utsed nsteaad to anhinve a fuotor of two
raduotlon for every l-inoh laysr used. Some othear expedinsnt neutron shielding materiala
innlude:  aontalnors of water, fual oil, paraffin, and even boxea of Bornxo rleaner.
Ramamber that radiatlion la scattered in all directions, and shielding must be deaipned for
nll-aronnd protextion,

~="Protuat your sandbaga." Sandbags exposed to thermal radiation will bmrn and spill
their ocontents, which can than be moved more easily hy tha hlaat wave, Covering nandbags
with a amall amount of earth and/or sod will eliminate thin prohlem, snhanae your
aamouflage, and provide valuabla additional aonventional fragmentation protention (see
flgure ),

l‘/l/uu u,ﬂ‘“u n. £y
Vlw/ uru \ fl:’ ~
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FIGURE 9, PROTECTING SANDBAGS WITH SOD AND EARTH COVER.

-<"Keap tha openings to your sheltaer small." A bhlast wave oan enter a sheltar and be
reflacted to inorease the interlor pressure to hazardous lavels., This preasure inorease
depends strongly on the ratio of the aize of the opening to the total volume of the shelter
as shown in figure 10.
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OVERPRESSURE MULYIPLICATION

FIQURE 10. OVERPHESSURE MULTTPLICATION PLOTTED AS A FUNCTION
OF OPENING/VOLUME RATTO.

Opening-to-volume rutios of less than 0,03/t will notually redune the internal
overpressure while larger ratios will amplify. Therefore, anssuming you have hiilt a 5 ft x
10 ft x 6 ft shelter, the door and windows should not exceed a total area of 9 ft (i.m,, ?
ft x 4.5 ft) to prevant pressure multiplication.

-="Protect yourself aven inside a shelter.," A blast wave oan enter your shelter with
great lorce carrying hot sand and burning debris that nan anune burns and translational and
missiling injuries. As in the cane for personnel in the open, lying face-down on the floor
of the shelter offers worthwhile protection. However, the violent flow of' air from a door
or window should ba avoided. Lying on the floor near a wall where the presasure wava may ba
inoreased due to refleotion still appeara aafer than standing away from the walls and heling
blown ahout and injured by the blast (see flgure 11). Where posaible, constructing bafflas
or turna in the entrance to shalters nan he effectiva in praventing overpreasure huildups

and the entry of dust and debris.
BLAST FLOW

ENTRY S\
______ 7 : .-_,_

e T

/4//% NI Q“ ' w“nh$§* <: W(\FQ;\
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LEVEL Ok bt b CToh

+ FIGQURE 11, PROTECTION FROM RLAST FLOW INTOQ SHELTERS.
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Shelter in Buildings.

Certain types of buildings offer excellent shelter from the effects of nuclear
detonations and require a minimum of time and effort to adapt to your needs,

-~"Choose the buildings carefully." The strongest structures are heavily framed ateel
and reinforaoed aoncrete buildings, while the worst cholces are the shed-type industrial
buildings having light frames and long beam span. Kven well construoted frame houses are
stronger than the latter. Examples of some typical structures that will provide good
protection are shown in figure 12, Ammunition storage bunkers will also provide axceptional
protection and are generally large aenough to accommodate most vehiclna and equipment.

rerng
Iy .

A, REINFORCED--CONCRETVE STRUCTURE

b, REINFORCED MASONRY-BLOUK HOUSE

FIGURE 12, TYPICAL STRUCTURES THAT PROVIDE (0OD PROTECTION,
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~--"Europaan rural and urban structurss nan provide good proteetion." Many types of
pre-WWTT Kuropean bulldings such as farm housen, ohurahes, and muniaipal buildings wera
construotaed with thick, 1l apan floor and neiling banms; heavy roofing tiles; denso,
reinforaed walls; and in most cases a Mill basoment that will provide good hlast and
radiation proteation. Typioal European raral and urban strietures that ean provide auch
protection are shown in figure 13, Charactoriatios to look for inolude:

= Pro=WWIl deaign and construction,

= Full baseamenta constructed of concrete or atone, Make nure you oan exit
directly Lo the nutstde nn well as through the upper floars in case of omergenny,

~ Thiok-walled, masonry structures. Thirty-six centimetar wall thiokness (gpredater
than 1 foat) {8 an indication of good, pro-WWIT wall vonstrastion. In arona
(part! vii. "y southern Jermany) where oonatruetion detail ia typlaally aoncealead
by st inish, deairatle Interfor wall Featurns guch as diagonal supports and
blockwe., ™ c-an be daen when the wnll is wet,

- Bulldings with the leant amount of glass.  Furopean windows and doors typleally
are protactaed by rollup or folding shuttera which ean provide some sdditional
blaat and thermal proteation,

FIGURE 13, TYPTCAL FUROPEAN STRUCTURES THAT PROVIDE GooD PROTECTION,
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--"Select a shielded building." Buildings looated in the Interior of nludely arranged
groups (towns) will be shielded by exterior rows of houses. Blast overpressures and
structural damange are signifiocantly reduced for suoh shielded structures. Debr's and rubble
problems and fire hazards may inorease toward the center of tha town, and you should
ocongider assuming shelter two or three rows of' buildings from the adge of town to avoid
sarious hindrance to post-attaock maneuver.

«="0et below ground level." The haamement, because it {s below ground, will provide
inorensed blast protection and much more llne-of-ajght radiation protection due to thn
aurrounding aarth fill than the aboveground floors. Additional radiation protection can be
added by placing a layer of earth or sandbags on tha floor above you. This additional dead
welght will be signifiocant, and shoring up the floor should be considered. .arnately,
more protection ocan be gainad by sandbagging a samaller shelter in the basement (e.g., a
aturdy table) without increasing the possibility of the entire floor collapsing., Windows
oan be blocked by sandbags, and the radiation protsction and structural strength of any
aboveground exterior walls oan he enhanced by piling dirt and sandbags against the walls,
QJenerally speaking, you oan expeot radiation to be reduced by a factor of 10 in basements
comparad to levels in aboveground floors.

-~-"Poaition inside of the building oan make a differensce." On aboveground floors the
greatest protectiun from both initial and residuyal radiation ia achieved in the ocenter of
the building, whereaa helow ground the greatest protection 1a achieved in the asorhers of the
building. 1In elther case the dose to your body in a prone position would be about one-half
of the dose when standing. The lesaon here is to seek shelter in an underground structure
and lia in a ocorner or, if an underground shelter is not available, lis down in the center
of a ahelter under a aturdy table, unless signifiocant radiation shialding or structural
strength is mvailable at some other location (see figure 14) such as inside a fireplaoe,
under a stairway, or in a bathroom where the plumbing and relatively olose spacing of walls
might provide inoreased structural strength.

FIGURE 14, SEEKING SHELTER IN BUILDINGS.
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